After dissolution of the zona pellucida by chymotrypsin, rat eggs can be penetrated by uterine (capacitated) and epididymal (uncapacitated) spermatozoa (Toyoda & Chang, 1968) . Yanagimachi & Noda (1970) stated that "capacitated spermatozoa quickly fused and became incorporated with the [zonafree hamster] eggs, while uncapacitated spermatozoa were never fused with eggs." Uncapacitated guinea-pig spermatozoa also failed to enter the zona-free eggs (Yanagimachi, 1972) . In a study of the role of cumulus cells and the zona pellucida in the fertilization of mouse eggs in vitro, Pavlok & McLaren (1972) concluded that "capacitation of mouse spermatozoa appears to be required for the penetration of the zona pellucida only, not for entry into the vitellus."
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Recently, we have found that the capacitation of rat spermatozoa can be achieved by preincubation of epididymal spermatozoa in a diluted rather than a concentrated form (Niwa & Chang, 1974a, b) . The experiment reported here was designed to examine whether capacitation of rat spermatozoa is required for the penetration of zona-free rat eggs.
White rats of the CD strain descended from Sprague-Dawley rats were used. Spermatozoa were obtained from the ducts of the cauda epididymidis of adult rats (330 to 360 days old) by the procedure reported elsewhere (Toyoda & Chang, 1974; Niwa & Chang, 1974a) . Sperm suspensions in a concentrated (7-8 to ll-3x 106 spermatozoa/ml) or diluted (0-6 to 0-8 IO6 spermatozoa/ml) form were pre-incubated for 7 hr in an incubator saturated with 5% C02 in air. At the time of insemination, the concentrated sperm suspension was diluted to between 0-6 and 0-8 IO6 spermatozoa/ml. The composition of the medium and the methods of preparation were the same as those reported by Toyoda & Chang (1974) .
Immature rats (24 to 26 days old) were induced to superovulate by subcutan¬ eous injection of 10 i.u. PMSG 40 to 49 hr before an intraperitoneal injection of 10 i.u. HCG. They were killed 14 to 16 hr after injection of HCG. The eggs in cumulus clots were recovered from the ampullar portion of the oviducts and were treated for 10 to 50 min with 0-1% hyaluronidase in the same medium, but without bovine serum albumin. The eggs were then treated with 0-1% pronase for 3 to 12 min in order to dissolve the zona pellucida. The zona-free eggs were washed twice in the medium containing bovine serum albumin and were then introduced into the sperm suspension. The untreated intact eggs were similarly introduced into a sperm suspension.
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The eggs were examined 11 to 14 hr after their exposure to spermatozoa.
The intact eggs which had perivitelline spermatozoa were regarded as pene¬ trated. Intact or zona-free eggs containing enlarged sperm head(s) or male pronucleus(ei) in the vitellus were regarded as penetrated (for zona-free eggs) and undergoing fertilization. (100) 70 (100) 1-2 1-7 3-7
In the fourth column the first figure denotes the number of eggs with enlarged sperm head(s) in the vitellus and the second one denotes the number of eggs with pronuclei. The eggs were examined 11 to 14 hr after insemination, and there were three tests for each group. 
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In the third column the first figure denotes the number of eggs with spermatozoa in the perivitelline space, the second denotes those with enlarged sperm head(s), and the third denotes those with pronuclei. There were two or three tests for each group. For the determination of the time of sperm penetration, intact or zona-free eggs were introduced into a diluted sperm suspension (0-4 to 0-7 106 sperm¬ atozoa/ml), preincubated for 30 to 50 min, and examined at various times after exposure to spermatozoa for evidence of penetration.
The results in Table 1 show that spermatozoa were better capacitated in a diluted form (see Niwa & Chang, 1974a) . When preincubated in a concen-Since capacitation of spermatozoa during incubation is a gradual process, it is important to determine the exact time of sperm penetration. The results presented in Table 2 reveal that penetration of intact or zona-free eggs rarely occurred 3 to 4 hr after exposure to spermatozoa which had been preincubated in diluted form for 30 to 50 min, i.e. uncapacitated spermatozoa were unable to penetrate the vitelline membrane or the zona pellucida. When examined 5 hr later, at a time when some spermatozoa had been capacitated by incubation, 18% of intact eggs and 81% of zona-free eggs were penetrated. At 6 to 7 hr after incubation, practically all the zona-free eggs were penetrated but a few intact eggs were still not penetrated. Judging from the high proportion of zona-free eggs with pronuclei (56 to 64%) compared to intact eggs (2 to 8%), 6 to 7 hr after exposure to spermatozoa, it seems that sperm penetration occurred about 1 to 2 hr earlier in the zona-free eggs than in the intact eggs. Although pro¬ portions of polyspermic eggs were much higher in the zona-free eggs than in the intact eggs, the number of spermatozoa which had penetrated the vitellus of zona-free eggs was limited (Tables 1 and 2 ). This indicates the presence of a mechanism in the vitelline membrane to prevent entry of unlimited spermato¬ zoa.
It has been reported that, when examined 7 to 10 hr after exposure to sperm¬ atozoa, the penetration rate of intact rat eggs was much higher by spermatozoa which had been preincubated in a concentrated form for \ to 1 hr than for 6 to 7\ hr (Toyoda & Chang, 1974; Niwa & Chang, 1974a) . The present study has confirmed that no intact eggs were penetrated by spermatozoa preincubated in a concentrated form for 7 hr and shown that more than half of the zona-free eggs were penetrated (Table 1 ). This again indicates that the physiological in¬ tegrity of spermatozoa was affected by preincubation in a concentrated form but did not disturb their ability to penetrate zona-free eggs. When sperma¬ tozoa were pre-incubated in a diluted form for 6 to 7 hr, the penetration rates of intact as well as zona-free eggs were very much the same (Tables 1 and 2 ).
The proportion of zona-free eggs incorporating spermatozoa was lower in immature than mature rats (Toyoda & Chang, 1968) , while the reverse appeared to be true of intact eggs (Niwa & Chang, 1973) . Such difference may be due to the different methods used and the difference between intact and zona-free eggs.
Although the motility of spermatozoa preincubated in a concentrated form appeared to be better than that of spermatozoa preincubated in a diluted form, the fertilizing capacity reported previously (Niwa & Chang, 1974a, b) and observed in the present study was far better after preincubation in a diluted form. Although the uncapacitated spermatozoa did attach to the vitellus of zona-free eggs, penetration into the vitellus and the enlargement of the sperm head in the vitellus were not observed. The 
